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INTRODUCTION

Electroactive thin-film polymers are offering unique capabilities for sensors and actuators.

Muscle mechanisms and micro-electro mechanical systems (MEMS) are emerging technologies that
increasingly needing such thin film polymers.

The obtain actuation/sensi1g capability piezoelectric, electrostrictive or electrostatic ef: ects are
employed.

The films are used in the thickness range of tens to hundreds of microns and the strain can be
linearly or quadratically proportional to the electric ficid.

In addition to the thickness change. thefilm vibrates as aplate structure.

M easuring the thickness and its change under activation of an electric field anddistinguishing
between the thickness value and the film vibration amplitude is acomplex and costly problem.

Most methods, such as interferometry, eddy-current and capacitance, are measuring the location of
the top surface of the film assuming that the rear surface stays stationary.
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ULTRASONICS AS A CHARACTERIZATION TOOL

. Ultrasonic pulse-echo offers an ideal tool for ssimultaneous determination of the location
of the top surface, i.e., vibration amplitude, and the film thickness.

. Obtaining an acceptable resolution for S0 to 100-um thick films requires frequencies in
the range of 50-MHz and above, which is beyond the capability of conventional
ultrasonic systems.

. Plate wave measurements a low to determine the thickness of thin films using much
lower frequencies and to ob ain significantly higher resolution.

. Using dispersion curve measurements one can also determine the elastic constants of the
film.



EXPERIMENTAL SETUP

A pair of transm itter/receiver transducersis used in a pitch-catch arrangement.

The specimen film isimmersed in coupling medium and the launched wave is
monitored by the receiver.

The amplitude spectra of the reflected wave as afunction of frequency is used to
determine the dispersion curve of the leakv guided waves generated by the specimen.

The dispersion curves are strongly affected by the film thickness and its elastic
constants.
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L eaky Lamb Wave (LLW) Dispersion
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Nonlinear Electroelastic Equati ons

Charge equations:
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Equations for Thin El ements (plane stress)

Tgm =0, Dp,‘g = 0. D;; = D'}(V .V\,g. \/

E:.=FEy=0.Ey3=-V/t.

where V is the driving voltage, and t is thickness of the element. Then the constitutive
equations recuced %o
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SUMMARY

e [ caky lamb wave measurements were used to determine the thickness and the elastic
properties Of electroactive thin film polvmers.

e Results show that LLW dispersion data can be used to measure thin-films thickness at
high resolution using significantly lower frequencies than possible with pulse-echo.

e These measures aso allow sSimultaneous determination of the elastic constants.




